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PART I

OBJECTIVES



These are the objectives of this theslss

1., To prove the importance of color in architecture,

2, To provide a reference swmarising briefly what is known about
color,

3. To test my own color sense,

&e To arrive at conclusions on the approach to color in architece
tural training.

L= The Importance of Color in Architesture

Good design can be spoiled by poor color, Weak design can be helpsd
by good coler. Color is thersfore of prime importance as an integral
slement of architectural design,

Color is vitally related to man in many fields. The study of archi-
tecture involves the study of living « a thorough inspection of the
bebavior of man, Color in architecture, then, can be understood only by
studying color in many fields.

2.=¥hat Io Kpown ghout Color

Suppose you, as an architect, were asked these questionst
"What golor should a factory be painted?"

"Will this color of brick look good on this house?®
"What sort of lirhting should be put in a restaurant?”
"Do you like the colors of that building?* "Why?*®



"How are oolors exactly specified?

"How do you explain the use of eolor in modern art?"

"What is color-blindness?”

To be able to answer such questions, you would need sonsiderable
lnowledge of the fundamentals of color. Ferhaps not every architect
should be able to supply all the answers, but every architectural firm
should possess this Imowledge,

To begin with, something of the history of color should be known.
Then should come a study of color through physics, through physiology,
through psychology, through art, and through illuminating engineering.
The soientific study of color began with Newton in 1666, but most of our
knowlodge.of color was obtained much more recently. A study of color in
various fields will involve, of course, repeated overlapping of those
fields.

=My Own Color Senze

This research will prove somewhat futile if I do not have either a
good color sense or the capacity to develop a good color sense. One way
of testing my color sense is by checking my opinion against public
opinion, Such a test is included here in Part III, A further check

against professional opinion may prove something.



4 =.Concluglons on the dpproach o Coler
in Architectural Training

Any conclusicns which 1 draw will necesgarily be personal, depending
on my own color sense, However, the "approach” to color is different
from arbitrary assumptions about color, A proper approach to color will
involve not only the application of what is already known, but also
continual experimenting. Such an approach must educate both architectural

students and thelr instructor.



PART 11

WHAT I8 EKNOWN

A30UT COLOCR



HISTORY

Simificance of Color through the Ages

In ancient days color was related to the supernatural rather than
to the esthetic, The Lgyptian sun god, Ra, was said to have risen from
earth to sky, where he controlled lightness and darkness, thereby con=
trolling the visibility of color., The hues of the rainbow were considered
sacred and were made a part of hieroglyphica.

The "Golden Age" of Greece was full of color symbolism, Caments
were a sign of achlevement, notably the golden robe of Athena, FPurple
was worn to recite the sea travels of Ulysses, while red was worn to
recite the Iliad.

The Orient promoted the sacredness of yellow, which was the color
of Srahtmanism, of 3uddha, and of Confuciuse. Confucius hated purple
because to him it confused with red, “just as goodyegoodies confuse
with virtuous people".

The Mohammedans favored green and gold, while Judaism and Chrise
tianity mentioned various colors,

Ancient buildines wers given colors which related to planets, as
the Temple of tebuchadneszar at 3arsippa whose seven colors were rela=
ted to seven plancts, including the sun and the moon. One of the oldest
buildings of history = about 2300 3,C,, the "Mountain of God" between
Bagdad and the Persian Culf, was colored to sisnify the underworld, the
earth, the heavens, and the sun, This ma; have been the home of

Abraham,



Color is significant in astrology. There 1s a color for each sign
of the Zodlac, In ancient Chinese astrology, the colors of the planets
forecast the weather and the prospects for war,

Pride in skin color has characterized all races, Indeed, history
shows that races were designated b~ color by the Egyptians, by the
Assyrians, by the Arabs, by the Indians with their castes specified by
color, and even by present-day reference,

Color has been related to healing since the days of Hermes
Trismegistus of Egypt. Some ancient miracles were related to color
rather than to chemistry. After Hippocrates, opinion on ocoloer as a
healing force was divided between the mystics and the clinicians.

Avicenna the Arabian in the 10th and 1lth eenturies used color as
8 guide in dlagnosis, also as a curative, Avicenna noted the signifi-
canoe of the color of hair, skin, eyes, excrement, and urine, He
assigned hot temperaments to people with black hair, cold temperaments
to people with brown hair, and equable temperaments to people with tawny
halr, He declared that red lipht stimulated the movement of blood, blue
light soothed it.

Amilets and gems have been recorded as having protective and healing
power accordine to color. Amilets were preferred in this order: red,
blue, yellow, green, white, Wearing colored amulets supposedly assured
health, happiness, prosperity, and protection against the "Evil Eye".
Gems are sti1ll used in modern hospitals in Indla according to ancient
preseription: crushed and mixed in medicines, these valuable fragments
are successful curatives without medical explanation.

The sura of the human being allegedly reveals true character by
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4ts oolor. The human aura is a fine ethereal radiation around the figure,
described by Kilner, Basnall, and others. Red indicates anger, sensuality.
Green, blue, yellow indicate benevolence, nobility, intellect, Black and

gray indicate malice and fear.

Syaboldsn of Basic Colers

Yellow: Most luminous but least popular color, particularly the
dark hues, Sacred in China and in Buropean Christlanity, TYet in
10thecentury France the doors of eriminals and traitors were painted
yellow, Yellow was fashionable from 1890 to 1900 among painters, illus-
trators, authors, clothiers, However, in days of old, quarantined ships
flew a yellow flag, and the terms "yellow dog" and "yellow streak" remain
today. Nevertheless, yello: is beautiful when properly used.

Red: Strongest, most attractive color. First color named in primi-
tive languages, and the color mest used in primitive classical art
(probably to contrast with sky and vegetation). Hed indicates danger,
rage, strife, covrage, virility. In China red symbolized marriage; in
the Oceident = martyrdom, Red 1i-ht accelerates the pulse. Hed is most
popular with women. Sright red is stimulatin-, but too much is tiring.

Dlue: 3lue is serene, passive, cool. Spaniards and Venetians of
the elite classes recognized the aloof dirnity of blue and black in
clothing. In the church, blue ca-e to s-mbolize sincerity and hope.
St111 used are the expressions "blue-blood" and "t rye-olue",

Green: Neutral, restful, GCreen indicates freshness, immaturitye

In relirion green symiolises faith, contemplation, The green olive



branch is a symbol of peace, the laurel wreath a symbol of immortality.

Purple: Rich, impressive, traditionally royal., Also related to
old age.

Violets The Nineties were known as the Mauve Decade, That era was
aleo the end of the reign of the Dowager Queen Victoria, Violet is re-
tiring, melancholy, Symbolizes women no longer fruitful, or priests in
celibacy,

Whitet Positive, luminous, delicate. Used for weddings in the
United States, but signifies mourning in China, Symbol of purity, truth.
Also used for surrender or truce,

Blacks Depressing, gloomy, solemn, Related to secrecy, terror,
death, Expressionst "black hand", "black spot", Yet black can be
smartly formale

Gray: Sedate, humble, negative, Good backercund for most colors.

It may be concluded that any color can be attractive or repulsive
by association or combination. History points out the importance of
eolor to man. The architect must apply the lessons of history and other

fields to use color to man's advantage.
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PHYSICS

Source of Colop

Color is lirht, which comes mainly from the sun, The eye differen=~
tiates kinds of lisht by their wave-length. Thus color is determined by
wave-length, Colored 1icht is the visible portion of radiant energy,
which travels through space b; clectromagmetic waves,

In 1666 Sir Isaac Newton cut a small circular hole in a window shade,
directed a sunbeam through a triangular prism, and on a white surface
produced the spectrum colors: red, oran e, vellow, green, blas, indigo,
viclet, In effect, each color traveled through the glass with a different
velocity, so that each color had a different wave-length. These wavew
lengths have been naned angstrom units {one one-hundred-millionth of a
centimeter), which range from 4000 for violet to 7000 for red. Such
wave-lengths can be neasured very accurately.

The color spectrum, then, is various visible wave-lengths of radi-
ant energ-. Newton showed that these ave=lengths directed throush a
second prism reproduced white, Thus white is the combination of a1l
colors,

It has been shown that speotra produced through various prisms vary
only in the amount of each kind of li~ht, not in the colors,

The rainbow is a synthesis of srall speotra of individual drops of
water,

Each color is 1ike a2 musical note = a vibratory phenomenon. lled

with its low frequency and long wave-length is analagous to a desp
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sound, while violet with its high frequency and short wave-length suggests
a shrill sound, One sound with half the wavewlength of another is an
octave higher, Thus we have almost an "octave" of color in the visible
spectrum, Sut the ear can hear shout eleven octaves of sound.

Just beyond the ends of thc visible color spectrum lie two invisible
rayss ultra-violet beyond violet, infra-red beyond red. The color pore
tion of the radient energy spectrum is comparatively amallj a majority
of the rays are not expressed in visibility.

The colors we see depend upon the lizht source, the reflecting sur-
face, and the resultin; sensation, All the colors we see must be in the
light source. Cn & white surface, a red light will show red, since vhite
reflests all the colors of a light source. The fact thut the surface
appeared white in the first place resulted from its refleetion of vhite
sunlicht, which consists of all the spectral colors,

Color is produced by addition or subtraction. 3y addition, blue and
ycllow light make white 1isht, but by subtraction, blue and yellow pigment
make green pigment., Jubtraction depends on the chemical or molecular
character of pigtents, which cbsorb sorie 1iht rays, reflect others. Red
light on white pigment shows red, but red light on green pigment shows
black because green pigment absords all red 1i ht, and “here iz no other
source light to be reflected, Colors seen under white lirht may appear
only as variations of yellow under an electric sodium vapor lamp., Under
kerosens light, bright blue appears brown, while vhitc appears dark
orange, A certain sweetpea looks biue-purple in daylight, red-purple in
electrie light.

Frequent reference is made to the warmth or coolness of color.

Physics con attest with a thermopile that red is relatively warm, blue



relatively cool, green and red-purple neutral.

The iridesgence or opalzacence of some colors results from refraction
or diffractior due to surface structure, Examples are soap bubbles, oil
films, sea shells, ceramic glazes, bird foathers, crystals, gas.

It is obvious that a basic knowledze of its physics is essential to

the understuniing of color,



i

THE HUMAN EYE

REFERENCE : FUNDAMENTALL OF LIGHT & LIGHTING
OCENETRAL ELECTRIC CO. BULLETIN LP-2

PLATE 2



15

PHYSIOLOGY

The eyes, explained in a short sentence, are much like television
cameras.

The smooth, almost spherical outer surface of the eys is called the
cornea. A liquid fills the area between the cornea and the erystalline
lens, This lens is doubly convex, adjusts its own curvature by its
ciliarr muscles, The process of adjustment is called "accormodation”,

Similar to the iris diaphragm on a photographic camera, the pupll
of the eye adjusts the amount of light enterins the eye to the rhotogra-
phic speed of the licht-sensitive retina, The pupil's diameter varies
from two to eight millimeters, the amount of lisht enterinz the sye vary=-
ing in a ratio of one to 20, The intensity of the stimulus may vary in a
ratic of one to ten billion, yet the eves can discriminate a difference in
intensity of 11lumination of oniy one percent,

In the space between the lens and the retina is a transparent gelaw
tinous substance, The retina is the membrane of the inrer lining, has a
network of nerve ends called rods and cones, There is a central yellow
spot in the retina called the macula, between 1/16 inch and 1/8 inch in
diameter, The center of the macula, the fovea centralis, about 1/64
inch in dismeter, contains practically all the cones,

Bach cone has its own nerve cornection to the orain, The rods and
the few cones in the periphery of the retina have grouped nerve connece

tions to the brain,
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There are about seven million cones in the fovea, Thelr function is

to transmit detail and color, There are about 130 million rods, Their
funotion is night vision,

An image is formed on the retina in inverted position, A replica
of the image is correctlr seen in the brain, but this replica is not like
a photographic inage. e see throush our eres, but our brain gives us
the pieture,

The fibers of the optic nerve to the broin are electro-chenmlical,
The mystery of the process which produces the fintl image has never been
solved,

Incidentally, the eve has a small blind spo* where the optic nerve
connects,

The cortical region of the brain has a larger areaz — or more gray
matter - devoted to foveal than to poripheral vision, enphasizing the
prime importance of the cones in transmitting detail and zolor, The
richt side of the brain controls the left side of the body, Correspond-
ine halves of hoth retinas connect with their own side of the brain,

The eye operates in minute jerks, controlled hy three pairs of
misclest one ralr for np and down movement, one palr for cide to side
movement, one pair for linc-of-si-ht axial movement.

Twenty minutes or more are required to adjust to rod vision at night,
Man hes neither the best darlirht vision nor the best ni-ht vision of
creaturee, but he has the best all-purpese vision.

Al1 memmals! eyes are hlue et birth - no pigment yet.

Red is aggressive because it tends to focus benind the retina. The
lens must bulge to focus it on the retina, makin: red seem closer, Blue

is retirin~ because it tends to focus in front of the retina, The lens



17
must flatten to focus blue on the rotina, making blue seem more distant.
These facts account for Lhe viLrater, effect between red and blue seen
simultaneously. Other colors are relatively neither aggressive nor
retiring,

A vasic Imowledge of the ochavior of the eye 1s acen to be another

fundamontal requirement in the sttempt to underst:nd color.



PSYCHOLOGY

Effegts of Colop

Our most remarkable physical skill is that of our eyes, which we
train unconsciously but continuously from babyhood, Yet what we see
before us is not necessarily what is actually there, but only what our
eyes = by assoclation - tell us is there, Our mental pictures are not
necessarily shared by others. Each of us may have a different interpre
tation for abstract objects, without recognizable forms in the same pice
ture to give relstion and scale, Something welve never before seen is
related to familiar objects by our visualemental process, In the case
of color, we accept all colors without question, as long as the forms

related to the colors are known to have such colors,

Simultapeous Color Perception

Helmholts used the term "unconsscicus inference" to explain our
ability to see two colors in pglossy surfaces. It is debatable whether
we see a mixture of the surface color and the reflected color, see both
colors simultanecusly, or imagine one color contimuing across the other,

The experience of the individusl mind simplifies such complexities.

Hnotiona) Regctions

Spatial relationships are observed only b the interception of light,
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Color is the experience of light, connoting richness and health, satisfy-
ing the nervous system,
Color moods may be warm, cold, gay, sad, exciting, relaxing, ete,
Psychology tests have indicated that the most exeiting colors are desp
orange, scarleté,\::,[}enow-omngo. The most tranquilizing colors are yellowe

green and green, The most subduing colors are violet and puswple.

"~ Jsensch concluded from research that psople attracted to warm colors
are receptive, adaptable to social envirorment, warm in emotiont extroe
verts. People attracted to eold colors are the opposite - detached from

TA the world, cold in emotion: introverts,

Bright outdcor light seens to be conducive to muscular aetivity,
while dim indoor lizht is conducive to mental activity, Kurt Goldsteln
found that red provides a good emotional background for ideas, green a
good hackground for the fulfillment of ideas.

The theater traditionally relates colors to emations, The colors of
tragedy are gray, blue, purple. The colors of comedy are red, yellow,
orange. Red indicates vigor, yellow is for joy and warzth, green means
abundance and health, blue stands for spiritualitr and thourht, white is
for gest, brown is for melancholy, gra: signifies age, and black denotes
gloom, R

Some interestine experiments have been performed reluting colors to
sound, Low pitch sounds tend to shift colors seen simultaneously to
deeper hues, while higr pitch sounds make cvlors seen more pale. In 1935
Kravkov of fussia studied the effects of sound on the sensitivity of
the rods and cones of the eye. He found th:t sound decreases rod sensie
tivity, increases cone sensitivity to green and blue, decreases cone sensi-

tivitr to red and orange, -ith sound, then, we see cool colors better,



wam colors not so well.

To psychotics and neurotics, whose rational power is 1imited, color
is significant. In the Rorschach inkblot tests, the desire to K1l is
shown by the choice of red, Feeble-minded persons working with colors
use much red, while infantile patients and schizophrenics use much
yellow,

The immediate effect of a color stimulus is followed by a reverse
effect, For example, the increase in blood pressure brought by viewing
red is followed by a slight decrease in blood pressure.

Analories and Assoclations

Musle

The Karwoski and Odbert test of college students showed that they
relate slow music to the color blue, fast musie to red, High notes
suggest 1irht colors, while low notes suggest dark colors. Fortissimo
indicates oolors which are clear and heavy.

Oswald Spengler assisned colors to musical instrments, calling the
horn coppery yellow, trumpets and trombones crimson, the clarinet warm
redwbrovn, Albert Lavimac of the Paris Conservatory compared colors
and instruments thust brown for the Hassoon, somder and timidj violet
for the En~lish 4orn, melsncholy and resigneds blue for the flute,
ethereal and transparent; blue for the strings, seemingly distant; green
for the oboe, rustic and crude; white, gray, and black for the percussion

instruments, with the triangle silvery.



Sound and color have been compared since Aristotle. In the 1éth
century Areimboldo of Milan devised a color scale similar to a msic
scale, lavimac related music to painting. Scriabin of Russia in 1911
produced "Prometheus, the Poem of Fire", a musical composition acccampanied
by cclored lights, The first attempt to make a color organ was in 1757
by Castel, a Jesuit priest and mathematician. In the United States,
Thomas Yilfred desipned the "Clavilux", This instrument presents color

patterns on a screen, but no music 1s incorporated.

Language.

Common phrases are "see red", "business in the red”, "red herring”,
"red cent"; "yellow journalism", "yellow streak"; "greenhorn”, "green
with envy"j "feeling blue", "blueblood"; "blackmail", "blacklist"; “white"

for the vanity of the Caucasian race; and many others,

Education

University and college faculties in the United States use colors

which were assirmed in 18931

Searlet: Theology Yellow: Science
White 1 Arts and Letters Purple: Law
Rive ¢ Ihilosophy Green t lledicine

Orange ¢ Engineering Pink 3 Music



Color Freference

Tiny infants prefer yellow, children prefer red and blue, For
ohildren color is more iwportant than form: c¢hildren given a number of
geametric cut-outs of various colore and asked to separate the cut-outs
into groups which are "the same" will consider "sameness” to be color
rather than shape. Anong twowcolor combinations, children prefer red
and yellow or red and blue. '

International statistics show that colors are preferred in the
following orderst

Mens blue, red, green, violet, orange, yellow.

Woment red, blue, green, violet, yellow, orange.

American Indians and Filipinos place red first, 3runets tend to
prefer red, blonds prefer blue. Jaensch states that people in the tropies
prefer warm colors beaause their eyes are accustomed to pradominant sune
light, while people in the pular regions prefer cool colors because of
predominant skyli-ht. This 1s a matter of the physiological accommodation
of the eyes to certain wave~lengths.

The preference for blue increases with aje, The eye lens absorbs

more blue as the fluld grows yellosish, meking the eye thirsty for blue.

Harmeny
People 1ike either complements (colors which are psychologically
directly opposite) or closel; related hues, In combinations of 1li-ht

and dark hues, people prefer light variations of hues which are normally
light, dark variations of hues which are nomally darks



Use pale green with dari blue, not the opposites

Use orange buff with deep vioclet,

Uso pink with dark blue or purple.

Use pale yellow with broun, blue, or violet,
Note, however, that nature uses much dark green with pzle blue: trees
against the sky.

In small areas, pure colors are preferred to shades and tints, but
in large zreas shades and tints are preferred to pure colora. Incidentally,
good diet induces a preference for more subtle colors,

Tersons whose color aense is as acute as those of taste, smell, and

hearing are the great colorists.

3agie Color Sensabions

The total number of solors which can be seen has been estimated at
millions, but in a broader sense there are not so many. Fsychology lists
four primariest red, yellow, bluc, green. In addition, there sre the
achromstic colors .leck and white. Yellow lisht is a product of red and
green light, but the yellow sensalion 1s considered unique.

Tints are hues plus various amounts oi white, no black. Shades are
hues plus various amounts of Llack, no while. Tunes are hues plus various
amounts of white and black.

Ustwald and batz applied the term "unrelated colors’ to hues of light
and to film colors, the term "related colors" to surface or object colors,
A third t;pe mirht be termed "volume color” (Kats), exemplified by objects

seen through fog.



White has already been explained as a combination of all colors.
3lack is a color, too, since its sensation is different from a lack of
all sensation, Black has low reflectivity but positive effect. Observe
that black beeomes blacker with more 1light on it.

The vibration between blue and red is because of different focus,
Cemplementary colors vibrate only when they are of equal lightness, of
sufficient purity, and adjacent.

The ear can separate the notes of a chord, but the eye cannot se-
parate the components of a hue, A gray may be oomposed of black and white

or of red and green, but the eye reads only graye

Other Interestins Fhencmena

Highlights seem opaque, but shadows seem transparent. There is a
difference in whites, as between silk and cotton.

Blue eyes and red halr are not really as chromstic as they seem,

Simyltapeous Contrast

Colors in combination may change the effect of each othert

Gray looks lirhter on black than on white,

VWhite looks larger and brirhter on a dark background.

Blue accentuates the warmth of orange,

Adjacent hues induce their complements in each other,

Strong hues induce their camplemen's in neutrals,

A light, moderate hue is weaker on a black background, stronger on

a white background,



SIMULTANEOUS CONTRAST

GRAY SQUARE ON WHITE BACKGROUND
LOOKS DARKER THAN GRAY SQUARE
OfF SAME VALUE ON BLACK. BACKGROUND

PLATE 3

25
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Dark red or blue is weaker on a white backrround, stronger on &
black background,
The stron-est contrast in form is obtained by e strons contrast of
both hue and value, Stout women can seem slimmer by wearing dark clothes,

standing against lisht backgrounds.

Constency of Coler

Iight itself is rarely seen, but colors tend to remain penuine ree
gardless of light intensity, Memory keeps the sky blue, the grass green,
and snow white, bhite surfaces still seem white when tinted, The color
of the complexion seems unchan-ing despite illumination. This color
ocnstancy holds until lirht becomes very dim, When illumination is de-
oreased, the seeing job is assumed by the rods. Thus colors, which are
seen only by the cones of the eye, become dimmer,

Yellow and rellow-green sre thc most visible spectral colors in day-
1light, while blue~greer is the most visible spectral color in dim light.

Helson tested the effects of colored lights on gray, He found that
gray does not ¢hange under medium brightness, Under high brightness,
however, gray takes on the souree hue, Under low bri-htness gray takes

on the complement of the source hue,

r P, 0,

Colo er)

Some people relate colors to vowsls or words, For such people, the
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relationship is established early, in childhood,

Ejdetics

Jaensch 1ists three types of images one - the memory, which
recollectsy two -~ after-image, obtained by starinrs at a coler, then
looking at white {or closing the eyes) and seeing the complementj
three ~ eidetic, The eidetic is between sensations and images and is
common to young children, Eidetics may see after-images, but on shorter
exposure they may see a reproduction of a hue or an exact reproduction of
a silhoustte, The eidetic faculty e¢an be induced by drugs or by hallu=

oinations,

Paycholosy is probably the most i-portant aspect of color to be
investigated, since architectural design must aim at psycholegical
funection and appeals
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AFTER-IMAGOE

STARE AT EITHER COLOR FOR Y2 MINUTE, THEN
SEE ITS COMPLEMENT ON BLANK WHITE SPACE

PLATE 4
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PSYCHOPHYISICS

Relatdon of LizZht to Effects

Psychophysics relates physics, physiology, and psychology by es=
tablishing laws relating the physical nature of licht to its repeatable

and measurable effests,

The phenonena here listed, as pointed out by Ralph M, Evans, 1ie in

the field of physiology, but their measurement and specification belong

to the subject of psychophysicsi

1.

2.

3.

Lo

Se

6.

Advancing and retirins colors, as red and blue,

After-image: staring; at a color, then secins its camplement
either on white or by closing the eyes.

Simultaneous color contrast,

Simultaneous contrast by saturation differences of the same color,
Related colors, Orange related to white may seem more brown than
when viewed alone,

Hue shift with intensity. ILirht on a cylinder may seam to re-
flect different hues from different portions. A red cylinder
may seem orance on its hichlight,

Spreading effect: opposite of si~ultanecus contrast,

A small area of color seems darker with a black line drawn

around it, Lxamplet a colored block letter outlined in black.

Paychophysics studies these ard other phenomena from the light source

through the reflecting surfase to the final image in the brain,
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SIOCLOGY

Color and Livips Thines

As late as the 17th century, men knew no more about color than did
Aristotle, who considered the primary colors to be white, black, and
yellow, which he related to the “elements” of Pythagorast earth, fire,
water, air,

After Newton's experiment with the spectrm, a mmber of theories
were developed concerning color. According to 1, H, Hardy, the wave
theory, the electric thoory of matter, and the atomic theory of energy are
all defensible,

Despite his lack of scientific knowledge, ancient man was aware of
the value of sun-bathing, Finally, in 1896, Niels R, Finsen made a study
of the actinic properties of sunlisht, discovered the value of ultraw
violet 1irht in fichting tuberculosis. He won a Nobel Prige in 1903,

It has been shown that a continued lack of sunlight causes a sort
of hibernation in the mman system, On the other hand, too much radio-

active energy can he dangerous.

Hanta

For plants, the lenyth of expesure te light seems to be more impore
tant than the intensit: of the light, The effect of colored light on

plants has been studied o Dr. Withrow, who reportss
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lonz da- plants such as the stock grow tallest under orange-red
light, then red lisht, but they neither grow tall nor flower under
yellow, green, blue, or infra-red light,

Short day plants auch as the cosmos and calvia are retarded in their
flowering by red light.

Light has various effects on other plants, In Holland, red neocn

lizht is used to assist the groth of flowers and strawberrles,

Even the lowl; amocba can be seen to be affected by light, for it
adjusts itsslf as 1i -ht changes,

Insects gather around blue light, but they are repclled Hy yellow
and red lizht, 3lue surfaces may brin- different recults: in France it
was found that blue walls attracted fewer {lles than walls of other
colors, A yellow surface may be used for an insect trap. Insect bee
havior varies too much in various locations for 2sta’llshing many rules.

The migration and sex activity of birds has beeu shown to depend
more vn lirht than on temperature.

Colors apparently do not affect most mammalsj indeed, most mammals
are color-blird, “en and apes are exceptions, Color has a physical
effect on the hunan organism, though the —nedical profession hesitates to
accept color therapy.

The protective outer coloring of many animals is well known, Xan
haz adapted this principle of camouflage to his own usc, but the objec=

tive is quite the opposite of that of architecture.



COLOR«BLINDNEGSS

Differences in Celor Perception

Among the various theories of color visionm, the Young-lielmholts
theory is the most generally accepted. It states that there are three
types of cones in the eye, one type sensitive to red, another sensitive
to green, a third sensitive to blue, Work in color visien and color
blindness assumes this tri=-receptor mechanism.

Color-blindness may be congenital or it may be acquired, but women
need seldom worry, for less than one=half percent of wumen are color-
blind, while about ei~ht percent of men are afflicted, Most colorw
blindress is in the rede-green category = that is, reds and greens are
difficult to distinguish from cach other,

Apes, as well as men, see color, but other ma'mals are color-blind.
The bull is attracted by motion alone, not by solor,

Birds and turtles see color, and no fish are known to lack color
vision, Insects, however, see no red, only yellow, blue, green, and
violet.

Fortunately, color=blindness is not too prevalent among human
bein-s, else this thesis would be in vain.
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ART

Egthetdcs and Application in Creatlen

Color = & basic human need = is the modulation of 1i-ht by the struce
ture of substances, subject to shading and shadows, Color sensation has
three qualities:

Hue or color, deternined by wave=lengthe

Brightnoss or value, by intensity of illumination.

Saturation or derth = the color content,

Children at first prefer red and yellow, neglecting illumination and
using value only to segregate shapes. Adults prefer red and blue,

Colors are rclatively warm or eool. Any color cau ‘e made iarmer or
cooler by mivture with the appropriate nedghbor in the color circle. By
simultanecus contrest, colors may appear larger or smaller, heavier or
lighter, darker or paler, nearer or farther.

The U, S, Dureau of Standards says there are ten million colors,
but no system of color motation presents more than about 1500, The spec—
trum is resolved into six to ten primary cclors following the psychological
law of the threshold of optimum diserimination,

Complements

Color harrony has been described as the balanced sondition of the
eomplementar; energies, The potentlal energy of complements acts in the
unconseicus mind even whea one of the complements is miassing from a

painting.



PSYCHOLOOGICAL
COMPLEMENTS

DETERMINED BY
AFTER — | MAGE

GREEN-BLUE RED-VIOLET

YELLOW

ORANGE

PIGMENT
COMPLEMENTS

DETERMINED BY
MIXING TO
NEUTRAL GRAY

COMPLEMENTS

REFERENCE: DESIGN FUNDAMENTALS — ROBERT GILLAM $COTT

PLATE 5

34
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The common occidental complements are green and red, blue and yellow,
These were used by the old painters but were interpreted differently.
Newton mentioned only gold and indigo as being complementary, while
Goethe listed yellow and redeblue, blue and yellowwred, purple and green.
Ostwald and Munsell, whose color notation systems have been developed for

contemporary use, listed these complements as basic:

Ostyald Mungell,

yellow and ultramarine yellow and purple-blue
ice<blue and orange blue and yellow~red
red and 5e§-groen red and blue-green
leafegreen and violet green and red-purple

purple and green-yellow
Complements are deter~ined either by psycholozical after-image or
by pigment mixture, OSupposedly each pair of pigmentary complements
mixes to neutral ~ray, but this is a subjeotive test conasidering the de~

velopment of seientific colorimetry. The basic complements are theses

Payeholozloal Plementary
yellow and blue yellow and violet
red and green<blue red and green
green and red-violet blue and orange

Goathe knew that shadows tend to show the complementary hue of the
1lirht source. This principal was used in old stage sets where shadows

were painted the complement of the light filters.

Eainting and Palnters

Helmholtz said, "A careful stud; of the paintin-<s of the great
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masters...,is of great importance for physiological opties," Physiclogical
and psychological optics, art, and 11luminating engineerin; are all rela~
ted, not only to each other but to architecture.

The painter is one of the best researchers by continuous experimente
ing. He builds space, captures motion, records life, explores color,

Prinitives painted with abandon, Color areas were not handicapped.
Forms showed local color regardless of illumination. Size and shape
ignored perspective, Prior to the Renaissance, painters avoided compew
tition with original effects, used paints for their own organic glow,
relatins them to each other rather than to resalism. Byzantine, Florentine,
and Venetian painters of the 1ith and 15th eenturles used colors in juxe
taposition which mixed from a distance - a prineiple known to Aristotle.
Here began the real conquest of color.

The discovery of exact vanishing-point perspective produced a new
objective: to obtain a true optical appearance from a single viewpoint.
Renaissance painters pursuing perfect spatial illusion used color radiance
only as an agent, began losing the power of color., Pigments were used to
absorb or reflect only to imitate actual effects. Colors were mixed on
the palette from the primaries, red, yellow, and blue, The colors thus
obtained by subtraction were darker than any of the originals, Later came
mixture by addition or the mixture of the li~ht primaries, red, green, and
blue, producing coleors lighter than the originals,

The impressionists and the expressionists freed th.mselves from imie
tation. Delseroix and others discovered radiance, Radiance was achieved
by fine shading, underpainting, transparent varnishing, afterwi-are, and
Juxtaposition of complements. Painters mixed the palette in the eyes of
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the spectator - again the principle known to Aristotle, Colors were tested
for movement, such as advancing or contracting. The painter beesme bolder
in dissocisting color surfaces from objects. Accordins to Gyorgy Kepes,
"The color dots of the impressionist painters, through the color facets
of Cezanne; the decorative color pattern of Gauguln and Matisse, reached
full growth in the work of the cubist and attained a final purity and
power in the work of Malevitch and Mondrian."

Cezanne used fine strokes on the canvas to mix color in the eye,
achieved depth with color rather than with vaniehing points. He showed
that black or blue can be made to stand before white.

Juan Gris mixed licht brown and black, obtained a hue which sugres-
ted violet, He then added violet to the surroundings for a special
effect,

Tiepolo avoided common muddy shadows on the face by painting shadows
vernilion.

Van Gogh got three values from one hue with thick strokes, His
original desire was to give an illusionistic rendering of nature, Ine
stead, he produced a fasecinating color and light display.

Renoir jJuxtaposed red and green, blue and yellow spots,

Beurat set dots close together, achievin- vil':rntion and precone
ceiving the method of color photography, i.e., green and red dots together
look yellow., He used color to create s;mphonies of lirht, used shapes
only to carry light,

Fra Anpelo and Jottieelli used thin green tones, ther. many fine red
lines to sive a saintly effect to flesh,

An old rule was that & pzintin: should be viewed from a distance

eight times its dlagonal for full effect.
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Rubens sketched with brown brush strokes on white, painting over this
with a creamy, translucent white. The result was an orange-rose skin tone
with bluish transparent shadows. This was called the turbid medium, tur-
bid meaning laycrs of transparencies,

Contemporary painters employ color in its perceptional impact, thus
rejuvinating emotions. Color has been discovered anew as a material of
plastic creation,

Optical fidelity to one instant should not 1imit the spatial exten=
sion of a painting, for time camnot be separated from matter. Light and
shade can be molded to explain an object without arresting it in time,
Values ¢an be controlled so that forms appear to dissolve in the backe
ground,

Caposing with Plrment,

A good color scheme should be appropriate and unified, Some of the
means for achievins color harmonyt

1. Reflect balanced amounts and vardeties of chramatic licht.

2, Satisfy rhytlm b; repetition of interval.

3. Suggest form, direction, space.

he Please with similarities.

5. Stir with contrasts.

6, Arouse welcome memories.

Planned color chords should be applied to compositions. First, the
light and dark pattern of a composition should be laid out on the drawing
in peutral tones., Then a preliminary overlay should be made in coler,
talking care to develop parts simultaneously.



It is necessary to know the behavior of rimment, for changing the
value of a ¢hromatic pipment also changes its hue and chromn, Yellow plus
black gives a greenish shade, A hit of red could be added to counteract
the preen, but a simpler solution is to use raw umber instead of black,

Hues are developed by subtractive mixing, for pioments rcflect relae
ted wave-longths, Ostwald called the caupositc sensation "scrai-chrome®,
The primary pigments are red, yellow, blue; the secondary pigments are
green, orange, violet. Adjacent hues have maximw: semi-chrome consonance.
The most consonant triad interval is red-yellow-blue,

When a2 color circle is organized on the hasis of the primaries and
secondaries, the basic har-onies are complements, triads, and analajous
hues, Another harmony is the split complement, a triasngular relastionship
located between the camplement and the triad,

Yellow and blue pignent make green, but suppose we list four differ

ent yellows and four different bluest

cadnivwn yellow lirht cobalt blue

cadniun yellow nedium ultramarine

yellow ochre cerulean blue

raw sienna phthalocyanine blue

Combinations of these will give no less than 16 greens of different
hue, value, and intensity.

Intensity of a hue may be changed in four wayst by adding white,
black, gray, or the compleientt

Hue plus white givss tint.

Hue plus black tives shade.

Hue plus sray gives tone,



Hue plus complement gives neutral gray, €.g.%

ultramarine plus burnt siemma
cadmium red plus chromium oxide green

A composition may be keyed high, low, or medium on the value scale,
A high key means lisht tones, Hue keys are difficult to organize because
hue cannot be separsted from value and intensity except analytically.

The most exact scientific hue circuit is that of Ostwald, It is good
for color standards but not well fitted to the mixing of artists' pigments.
The artist's pigment color cirele is set up to produce neutral gray with
complements, 3o analagous ranges are not as uniformly spread as in the
circles of Ostwald and Munsell.

Robert CAllam Soott warns that in designing you should "base your
use of complements on the true psychological complementariea",

Practicing with a 1imited palette will increase color understanding.
Try tonality toward one hue or one temperature, It is best in any case
to 1imit the hues which are the basis of a coler scheme, OCreat art shows,
very often, a selection of three “asic hues, Witness:

Persian miniatures and rugs.

French and Flemish tapestries,

Paintings b Gauguin, Van Gogh, Monet, Brangwyn.

Italian Renaissance walls and ceilings,

Windows of Chartres, Amlens, Sainte Chappelle.

Colored Lizht

To compose with light and pigment together, new research is necessary,
As loholy-Nagy said, "....this 1s not yet the age of 1i-ht paintins, It



4e only the hour of light advertising, serving publicity, to catch the
eye," Our age is characterized by the "orase for raw speed” and by
"blind motion®.

‘The painter must know both the old craft and the new colorimetry,
for the physiology of the eye is more closely related to the pure lipht
of the spectrun than to crude pi-ment mixtures.

Moholy-Nagy r ds more experimenting with polished surfaces,

translucencies, pigments, and various kinds of lipht.

All of these principles concerning the use of color in art are of

considerable importance to the developing architectural designer.



PHOTOGRAPHY

Another Art Related to Color

Photography made obsolete the painter'!s goal of illusory representaw
tion, Now an infinlte variety of brightnesses could be recorded, Rene
aissance artists had simply blurred distant objeets, FPhotography provided
a means for extensively stud;ing relative clarity.

In color photography, the chemical emulsion ylelds only artificisl
colorings so that photographs have a boringly unifying complexion, Some
additional distortion may be produced by the projector lisht. For best
results, the photographer should understand painting as well as the pe-
culiaritics of his own medium. The real beauty of the photographic

apparatus is that it c¢an capture fleeting lisht and reflections,

Apstrach Filng

Ploneer of sbstract films was cubist painter Leopold Survage, who
in 1913 oricinated the technique of master drawingcs with filleins om
celluloid. Prodigious labor was involved: at 24 frames per second, a
ten-mimute film required 14,000 frames, each drawn and colored by hand.
Not till 1919, however (because of the war), did the first nonereprcsen=
tational film appeart "Diagonal-Uymfonie" by the Jwedish artist, Vikdng
Egrelins, in Berlin, Additional works followed by Richter, duttman, and
others. The first in the United States was by Yaude Adams (of Peter Pan



fame): “Color Dynamies", produced by Eastman in 1925, Subsequently,
meny films were synchronized to famous music.

Moholy~Nagy anticipates an "optofonetic” artt see rusic and hear
pletures simultanecusly, The first stcps are through phetegraphy,
cinema, and television,



SYSTZMS

Color Notation

"It 15 significant that the world's greatest music has been composed
since the perfection of a system of musical notation,” says ''aitland
Graves, The inference is that th. perfection of systems of color notation
has opened the way to the world's greatest color-use.

Color depends on the source of lipht, on modifiers of that source,
and on the ebserver for full effeet, Condensed, this gives Foss's for-
mulas "Source x !lodifier x Visual Process equals Color," Color may be
specified without reforence to material, but material must be considered
in order tc develop samples for a coler notation system, Indeed, the
stability of the reference, or sample, is the primary objective,

There are three methods for deriving colors:

1. Mixing colorants to show their gamut.

2. Mixing colors by disks, ete,

3. Selectins colors visually for equal spacing.

Solorant Mixture Systems

Colorants are pigments or dyes as used in paints, papers, plastics,
and fabrics, Color is only one property of colorantsj the others are
physical or chemical, Colorants are measured by weight or by volume.

Egse of manipulation makes paint a widely used colorant.
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There are thousands of coloranta, but a relatively small mumber is
used to produce a collection of samples for a celor notatlon system, For
paint, a solorant ("selestive modifier") is called a toner and is commonly
shown in its range of combinations with uhite (Pnonwselective modifier)
to i1lustrate its main coloration possibilities, If the proportional
mixtures for this range, or gamut, are based on an arithmetic scale, &
prepunderance of dark colors will result, but a logarithmic scale will
give a preponderance of lizht colors.

With & complete set of sasples to illustrate a samut, threedimen—

sional presentation ls necessary.

Elpchers

The Plocherc systen uses ten basic oil paints to produce 26 serles
of mixed base paints, each series ranging from near neutral to full chro-
matic hue in six steps, Radially arranred, this gives a eircular formae
tion of 156 colors, This is the base of a cylindrical color solid,
developed further by adding white in eight steps to each base paint,

The total is 1248 samples, For practiocsl reference, these samples are
presented on three by five-inch cards, each with the formula on the backe

The purpose of the Flochere system is to provide a relatively inexe
pensive collection of samples showing practical formmlstions for paints
actually on the market,

The Saumann system is similar to Flochere,



Martdp-Senour

The "Nu-ue" system of Martin-Senour uses six chromatic and the two
achromatic colorants, There are 1000 samples arranged hexagonally in &
oonical sclid. The base has a black center, white beilng added toward the
pure vhite peak. This is a strict application of prescribed mixtures,
with no deviations for visual considerations. The company presents the
samples on three by five-inch cards with formulas,.

The purpose of the MartineSenour system is to provide a precision
formulation technique for production of paint in quantity to mateh given
eolors, mostly for interior wall finishes,

Color Mixture Systems

Mixing of colors means additive mixture of source colors, unlike
subtractive mixture with pigment colorants, Color mixture is accom=
plished by:

1. Spinning disks.

2, Halfetone soreening in printing,

3. 3tippline, as by artists.

4, Combining spotlisrht colors on the atages

Color mixtures based on an arithmetic seale give a preponderance of
1ight colors. A rcecmetric scale gives dark colors. The case was the
opposite with colorant mixtures,

The usual pattern for developins varieties of a single color is trie

angular, with the hue at one corner, black and white at the other corners,
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combinations between. With all the hue triangles together, a double-conic
solid is developed.

Rideway

The :idgway system offers 1115 samples, Here is a doublewconic
s0lid with pure colors at the equator, tints above, shedes belows The
system, published in 1912 , has been used extensively in the horticultural
and biolosical sciences. Unfortunately, there is some indlcation that the
actual semples tend to follow colorant gamuts rather than the theoretiocal

disk mixtures reported by iddgwaye.

Ogtald

The Ostwald systen, developed in the early part of the century by
Wilhelm Ostweld, uses a double=conic solid. The equator hues are based
on psychological complements. Triangular hue planee ar: set radially
arcund an axis which extends from white above to black below. Mixture
ratios are determined b logarithmic scale for viscual reasons. In 1942
the Container Corporation of Amcrica produced Ustwald charts in its
"Color Har-ony lfanual®", with 660 samples, cach with one dull and cne
glossy surface,

Ostwald assumed these fundementul color sensationst

Agchromatic: white and black.
Chromatics yellow, red, blue, green.
The true green sensation is assumed to be unique = not yellovdsh,

not blulsh. However, orange is assumed to look both yellowish and



reddish; purple is assumed to look both bluish and reddish; and gray is
assumed to look both whitish and blackish., The blue and yellow are come
plements a8 deternincd by after-image; likewiss, the red and green.

Ostwald's four primariest blue, yellow, red, seagreen, The four
secondaries: purple, leafgreen, orange, turquoise, With additional in-
between hues, a color circle of 24 hues is presented, Zach hue is identi-
fied by a mumber.

A triangular hue plane is developsd with each equator hue and the
whitesto-black axis, The series ranging from full color to white is
called the "1isht clear series”, The series ranginz from full coler to
bleck is culled the "dark clear series", Lower-cuse lctters (skipping
some for later subdivision) lsbel the axis from white to black, with "a”
for pure white and 'p" for pure black, Comversely, "a" means no black,
np" means no white, The notatione in the light clear serles and in the
dark clear series, also in the remainder of the triangle, indicate the
relative amount of white (first) and black(second). Thus, “na" means
a little white, no blackj "pl" means no white, much black; "1z" means a
mediwm amount of both white and slack; "pa" neans no white, no black,
which is the full color.

The full notation for a sin-le hue consists of its mrber plus the
two lower=case letters indicating white and black content, A light tone
of seagreen mirht be #20 ic",

Bach series of colors is based on the Weber~Fechner law, which states
that the sensation of equidistance between members in a scries is produced
by stimuli arranged in geomctric progressien, Geometric progression here

applies to percentarte of lirht reflection.
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QSTWALD FULL COLORS

(APPROXIMATE)

REFERENCE: PASIC COLOR — EGBERT JACOBSONMN

PLAT B &
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[ COLOR 50LID

O5TWALD DETAILS

REFERENCE: BASIC COLOR. - EOBERT JACOBSON

PLAT B T
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THE RING 5TAR

O2TWALD HARMONIES

REFERENCE: BASIC COLOR — EGBERT JACOBSON

PLATE 8
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In a hue triangle, "F" stands for full hue, "W for whits, "3" for
black - these at the three corners, The varticsl rows in the triangle
parallel to the %3 axis make up the "shadow series", The diapgonal rows
in the triangle parallel to the F=3 line make up the "equal-white series®.
The diegonal rouws in the triangle parallel to the F<i' line make up the
"equal-black” series, "Equal-white-and-black circles™ are all the circles
parallel to the equator, since in any circle the white-andblack content

of each hue is the sane,

Harmony

Ostwald's hue elrele is hased on pasychological complementarism, The
gray scale is based on the Webcr-Fechner law, With the entire double-
conic solid thus carefull organized, harmonious combinations are not at
all difricult to select, The rule for simple har~onies is equal spacing
between three hues, More complicated her onics involve various equal
intervals., 3asic examplest

Three grays cqually spaced on axisj sequ:wnec immaterial.

Honochromatic har-oniess

Three hues in equal-white serics eguispaced.

Three hues in equal-black series equispaced.

Two hues plus one gray, triansularly equispaced,

Other combinctions involvin - lirhteclear, dark-clear, shudow
geries, and prays - all based on equal intervals, whether

in lne or triansular.
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Two-hue harmonies:

Lqual-white~and-black pairs by carcular division,
Transverse complements, by diagonal slice,

Three~hue harmonies:

Equalewhite-and=black triads by circular divisjon.

Splitting, or changing intervals.

The "ring star” is Ostwald's name for a figure whicl produces a
large nunber of haronies based on a single hue, For best example,
seleet a hue within a hue triancle containing both white and hlack.
Through this single point draw three lines and one circle! one line in
the shadow series, one line in the equelwwite series, one line in the
equal-black series, and an equal=vhite-andeblack circle, These three
lines plus the cirele form Ostwald's "ring star", from which we may
obtain 35 eclors to harwonize with the original. The principle of equal
intervals applied to the ring star gives a seemingly endless variety of
harnonies for a single original hue,

s:igbert Jacobson, in explaining the Ostwald system, points out that
a color combination may be seleoted visually, then checked against the
ring for harmony.

The Ostwald syste has been successfully checked against the paimte
in-s of great masters who worked without such a system,

Here, then, in this system of color notation, we have a truly seie

entific means for desigmin with culer.



54

Hasrs and Paul,

The liserg and Peul "Dictionar of Color® was produced by printing
methods « by half-tone screens, a process which is really both colorant
mixture and color rixture, The dictionarr contains several thousand
colors derived from eight chromatic inks, The purpose of the dictionary

1s to provide an authority on color names,

The objective here is to achieve uniforn spacing of colors in a syse
tem by cye, Such a syste. 1s not bosed on equal weights or volumes as in
the colorant-gamut system, nor is it based on equal arcas of color as in
the color-mixture s;sten, In o visually-spaced system, a georetrical
s0lid is no lenger posaible,

Hungeld

The Munsell system, developed by Albert H, Munsell from 1900 to
1912 in Boston, is based on three unique attributes of colors

Hue, or name,

Value, or degree of lichtnces or derkness,

Chroma, or derree of departure from gray of sanc value,

Munsell established five major hues, equally spaced on the color

circlet red, yellow, rreen, blue, purple. The f{ive secondary hues:
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yellow-rea, green-yellow, blue=grsen, purple~blue, red-purple. This
ten-step notation is f{urther divided into 100 stepse

Each hue is noted either by capiizl letter: or by letters plus a
number, The letters aure the initials of the huej the mmbers indicate
intemediate huos. For example, "3 is redepurplc which is slishtly
more purple than red, "M is exactly red=purple.

These hues form 2 basic color circle in plen, buu this circle does
not became an equator. Thc solid is irregular,

The Ifunsell value scale is o vertical axis ranpins from zero for
black to ten for white, Since these mmbers indicate theoretically pure
black and white, the practicul scalc is limited Lo nunbers [rom onc teo
nine. The valu: scale, just as the hue scale, is visually equispaced
g0 that all intervals appear to be equal, The vulus notation is a
number following the hue ietber und followed U, . slant, as "3RP 4/",
iollowing vhe slant comes the chroma rumber,

The chroma scale rauges from zcro for grar to ten for full chroma,
Vivid colors may have a chroma of 15 or 20, Vith the chroma mumber, a
complete notation might be "3iF 4/7", which is 3RP of sli,htly dark value
but fairly strong oircma,

Thus the solid is irregul:r: constant hue planes of various shapes
radiate from the central vertical axis, each plane with its uim range of
values and chromas, FHorizontal slices zive constant value charts. Core
cuts give constant chroma charts, Geometry is sacrificed for important
visual equispacing. In the new Foss modification of lunsell, samples are
11lustrated equispaced in all directions.



MUNSELL PURE HUES

(APPROXIMATE)

REFERENCE: THE ART OF COLOR é:'. DESIGN — MAITLAND GRAVES

PLATE . |9
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MUNSELL CONSTANT-HUE CHARTS

VERTICAL CRO%%-SECTIONS OF $OLID.
BOUNDARIES ARE IRREGULAR BECAUSE
INTERVALS BETWEEN COLORS ARE EQUAL
IN BOTH VALUE & CHROMA,

REFERENCE: COLOR ORDER SYSTEMS — CARL E. FOSS
REPRINTED IN A.l.A. 1949 CONVENTION SEMINAR ADDRESSES ON COLOR

PLATL 10
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For paint-niing, Munsell is not the nost uselul system, For cale
culating eolor fixturcs, Munsell is not the most convenient system, But,
as Dorothy lickerson szys, "To describe color az we see i%, the visually
equispaced scales of the Mumsell system are by far the best choice to make
to provide both apn understanding of color space and a simple and satisface
tory notztion for deacribving color perceptions,”

The value scalc may te used to judge color hy oy as to lightness or
darkness, Value can be converted to reflectance for engineerins use.

The value scale remains valid regardless cf the illuminant (tungsten,
fluoreseent, or colored lisht), sinee neutrsl gray doesn't change,

The Munsell systc, is applicable in cerarde plants, in paint fac=
tories, and in illumination researsch - used to match, select, and
specify cclor,

In research, resdts ca. be clerified colorim.trically either by
conversion of Munsell to I.J.I. (International Commission on Illunination)
Jtandards, or by conversion of spectiophotametric work through I.C.I.
Standards to Munsell, Spectrophotometric tri-stimulus (source, substance,
sensation) dats have beer converted to Munsell hue, vilue, and chroma by
the Color llwasurencuts Laboratorr, M.I.T., under Hardy; b; the Colorimetry
Section of Lhe Nationul Dureau of Standardsy by the Kewhall Subcurmmittee
of the Optical Societ:” of America (1943).

Munsell is used by the U.3. Department of Agriculturc, b the Incy-
clopaedia Dritamnicz, b the International Printing Ink Corporation, by
Lakeside Press, by Fortune Magasine, by Walt Disncy, etc,
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Segwarigon of Ostwald and Munsell

Ostwald is a color-mixture systen based on after-image complements
and a geometric solid, Munsell is based on visusl equispacing and the
inter-relation of mme, value, and chroma. OUstwald considers complemen~
tarim more fundamental than perceptual equidistance in the pursuit of
harmony, Munsell conasiders visuzl equal intervals between the three
attributes of color most important. Each system has considerable merit,
also some disadvantage.

It must be noted that visual results are not truly the property of
the scale used hut rather deperd on the physical behavior of the coloramts

used to provide the samples for a color notation system,

With such precise color notation systems in use, and with the daily
advanceuent of the science of colorimetry, color is no longer a guessing

game but a practical business which no architest can afford to ignore,



FUNCTION

The Applicatidon of Celorante and Colored Materials

"Color as selected" is a poor architectural specification, since it
implies last-minute selection. It is a "pathetlc fallacy that color is
& skin to be stuck on, net an integral element of architecturs®, ssys
Julian E, Garnsey, "Well=plarmed color, like pgood salad dressing, brings
an inspired solution in form to perfection and may even rescue & less—
thaneinspired design."

The architect should mow both color and the physioclogical and
psychological make-up of hman beings. It is necessary to be thoroughly
familiar with public preference and prejudice., To begin with, it should
be realized that folk and peasant art are quite honest and influential
in color development,

Tleibddity

Sunglasses should be yellow or yellow-green.

Light signals are best seen when red, then yellow, sreen, whitej not
blue or purple,

Yellow is the most visible color if a single color alone is consi-
dered for hoth lirht source and print.

Both signs and posters are most legivle in this order: yellow and
black, green on white, red on white, blue on white, white on blue, black

on white (sixth).
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For backgrounds for legibility, green is not soc good as popularly
supposed., Vhite is best, Yellow, yellow~orange, or yellow=green = all
in tints ~ are all right for backgrounds for reading.

In an experiment to select sultably legible instrument ddals for the
Navy, it was found that in strong light, white figures on a black bagk=
ground were best, while in weak light, black figures on a white baskground
were best.

A study of visibility leads directly to brightness engineering. As
stated by M, Lucidesh, "A visual task is inseparable from its environe
ment,” The common error is to put too much brightness in a romm for the
sake of high footcsndle resdings, If an extreme contrast exists in the
same fleld of view, the general lighting level of an interior must be
held down, More about this under the heading, "Illumination®.

Exincinles of Flanniog

There are three basic color relation pstternss

1. Monochromatic

2, Analagous

3. Contrasting

The optimm scheme, as attested to by great works of art, is limited
to three basic hues.

People like only a small amount of a bright accent hue, a medium
amount of a medium relief hue, and a large amount of & dominant grayed
hue. Remember, however, that calor is not to be avoided by refuge in
neutral grays., Neutral grays are laboratory products seldom found in
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PEOPLE LIKE-....

A LARGE AMOUNT Of A DOMINANT, GRAYED HUE,
A MEDIUM AMOUNT Of A MEDIUM, RELIEF HUE, &
A SMALL AMQUNT OF A BRIGHT, ACCENT HUE.

PLATE |
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practice, DBeaides, neutral gray is timid and indecisive. Crays usually
require much study for the proper tinting.

Colors can be used to excess in varisty and pattern, but monotony
is more 1ikely to drive you crasy than excess variety.

Color combinations should, of course, take advantage of the visual
phenomena: simultaneous contrast, after-image, advancing and retiring
colors, irradiation, The New York World's Fair of 1939 was intentionally
"souped up* to compete with the greatest show on earth - Kew York City.
At the Fair, Garnsey made a particularly effective use of after-image
fnvolving the Long Island Railroad Station, He glaged the Reilroad Sta=
tion with blue-viclet so that visitors coming from the Station to the
Fair would receive the after-image of yellow, This after-image was
powerfully magnified by the sudden view of the "Golden Circle” feature
of the Fair, This "yellow-upon-yellow" effect inevitably brought an
exclamation of delirht from each new visitor.

4ppldcabion

Ir architecture, color studies should be well=thought—out abstraect
diagrans,

For extcrior studies, it is necessary to consider

1, Purpose of building.

2. Geographical location.

3. Surrounding buildings and landscape.

he Climatic conditions.
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The preliminary study should relate tomes to establish light and dark
patterns, This study should then be taken to the site of the proposed
building, vhere basic colors should be chosen by observation of the area
under various conditionst bright sunlight, overcast, evening,

The inspection of color chips is not enocugh to select bullding colors
for a particular site. Oonsider differences such as theses

San Diegot violet mounteins and blue sea
Dubuque ¢ rolling hills

Denver ¢ black and green Rockies
Dallas 1 flat, varicolored plains

Obviously, differsnt colors are suitable in different areas. Note
the sensitive reaction of Frank Lloyd Wright to enviromment.

Even when colors of materials have been selected, it is necessary
to observe sizable areas of these colors actuslly put up on the site, A
trial .all of several square feet of brick might be put up beside a trial
wall of several square feet of cement-asbestos siding to observe the
color combinztion. 4 painted surface mirht be included with these, de~
pending on the specifications for the building. Again, when actual con-
struction of the building is under way, colors should be observed so that
changes c¢an be made if necessar;-, Naturally, it is wiser to decide on
masonry colors first, then adjust the colors of lighter materials to the
masonry colors, Paint is easiest to ch.nge, but the color decision
should be made as early as possible to save money.

Alas, not even the completion of the building with perfectly satiee
factory colors concludes the test. The element of time has yet to act,

The architect would do well to investigate fadins and other color changes



in materials brought about by time and the elements of the partieular
region,
For interior color selection, it is necessary to consider the funce
tion of each building type. (Interior and exterior, however, are often
soarcely separable in the thoroughly functional design of today.) Wamm
hues are best used in elementary schools, hospital convalescent rooms,
and recreation rooms where activity is largely physical. Cool hues are
best in secondary schools, hospital chronic rooms, and study rooms whers ' |
the emphasie iz on mental activity. '
In interjior decoration, strong chromas may be applied to reception
rooms, foyers, and bars, while weak chromas should be used in rooms of
long occupation. Harmony may be achieved by repetition of hue, Even
the color of paintings should be related to rooms, In northern exposures
with the blue—white light, warm colorants are best on walls and furniture,
Faber Birren considers peach the most appetiging color for walls in
homes, (I have not been able to agree,)

Eublio Structurep

Schecla

Elementary schools should feature warm, stimulating colors such as
yellow, peach, pink. Secondary schools, where concentration is the objece
tive, should feature tones of green, blue, gray. Of conrsc, thers are
various functions within each school type which call for various color

treatmonts.



Hespitals

Hospital lobbies should be decorated in a variety of tones to avoid
any moods, Maternity areas are suitable in peach and rose, but chronic
areas are best in blue, green, gray. In surgery, green and green-olue are
wise to counteract glare and the brisht colors of operation. Hospitals
should avoid lavendar, cool yellow, and yellow—green, which here seem to

have a nauseating effect,

Iheaters

Color has extensive application in all theaters, Colorants in com=
bination with light sources z2re used for fascinating mobile sequences,
"Black light* sources supply ultra-violet radistion to specially treated
fluorescent materials, Lishting adda delicate tints to selected carpets,
carefully planned wall designs, and costumes.

Other Examples

At a certain rest hotel, blue and white flowers were found to attract
more customers than red flowers in the garden, Here we tie in landscape
architecture, which is never separable from good srchitectural planning,

On a oertain black bridge which had alwaeys attracted suicides, green

paint brourht a decline in selfwdestruction.

Iransportatisn

Adrplanes and ships may be treated with moderately warm tones to
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provide relief from blueness of sky and sea, yet light blue, blue-green,
and gray help counterasct nezusea. Some rather subtle combinations seem

to be in order,

Yarket
Blue~green provides relief from the task colors when applied on the
walls of a meat market.

Slething

Wamm colorants and colored lights are used to present sumer sports

clothes, while cool ooloramts and colored lights are used in fur salons.

Jewelry

Jewelry has been found to be most attractive vhen presented on strong
purple and yellow.

Qffice and Industry

For offices and industrial areas, graylsh hues are best., Cool colors
should be used in high-temperature areas, warm colors in vaulty, chilly
areas,

Corridors snd stairwells may be tinted yellow, Storase areas are
best in white, Washrooms and cafeterlas are successful when done in blue

for men, rose for women,



Work Roong

Supgested tones and reflectances for work romusi

Ceilings should be generally white with a reflectance of
75-80%,

Upper walls are good in light green or 1ipght buff with a
reflectance of 50-70%.

Lower walls may be dark green or dark buff with a reflec—
tance of 25-40.

Floors should have a reflectance of 25%.

Machines and desks go well in medium green or puff with a
reflectance of 25=i0%s

Bright walls are not flattering to human appearance, though end
walls may be given o pleasing tint for psycholegieal relief from neutral
tones. Window sash should be light to lessen the contrast with the
bright outdoors.

In a certain windowless building, three tones of gray were used
on the side walls, with interesting relief provided by coloring one end
wall blue, the other yellow.

On machines, avoid black and graye I4-ht gray and buff have ime
proved both the efficiency of machine operators and the housekeeping in

plants (pride in equimment ).

Satety

The 1944 safety code colors developed by Birren and Du Pont were

largely incorporated into the Safety Code of the American Standards



Asgociation, The ocolers and thelr meaning:
Yellow and yellow-and-black bands are to warn against
gtrike-against, stumbling, and falling hazards.
Oranve is for cutters, rollers, switch-boxes.
Green 1z for first-sid equipment.
Red is for fire-fighting equipment.
Blue is for caution, equipment for repair.
White, gray, and black are for traffic control and house=
keeping.
The use of this code has brought about a tremendous reduction in
accidents.
The Kational Industrial Conference Soard and the U. S, Public
Health Service attest to the value of golor programs in industry. The
medical profession, too, is studying the industrizl aspscts of color,

Medicine

A pew therapy is possible with color. There is a need to combine
the efforts of the blologist, the ophthalmelogist, the psychiatrist, and
the psychologlst. As Faber Birren says, "The intimate role which color
may play should hecome inereasingly vital as men turns from en esthetic
and esoteric sttitude to one more rational and clinicalj as recognized
medical science forgets its prejudices and appreciates that color is
physiologically and psychologically beneficial and may ve put to effec—

tive human service,”
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A

The artist, mearwhile, feels the necessity for balancing the technie
cal, scientific approach to color with pure, instinctive feeling for

eolor,

Color Effeots by Hus

Yollow: Cheerful, highly visible, Avoid dark tones.

Bedt Dominant, dynamic. Influences hormonal activity, raises blood
pressure. Good enviromment for the ereation but not the execution of
ideas, Too much pure red is annoying.

Blue: Opposite effect of red. Not successful in offices, industry,
schools, hospitals, except in incidental areas in mediur or dark tones,
Pale blue bothers the eye. Yet blue is the favorite of all colors,

Greent Yellow-green is neutral; blue-green goes with peach, is
peaceful, makes a flattering background for the complaxion,

Orange: Preferred as peach, salmon, brown. Appcalin- in food,
Flattering to the skin.

Purple: Strictly esthetic,

Black: Negative, perhaps sinister.

Grays Passive,

Whitetr Natural, clean,



Much of the better architecture of today is good in form but weak
in color., One has only to look zround, Zven architects with reputations
as good designers sometimes pay too little heed to the colors of their
oreations, If an architect or a firm of architects siuply lacks s dlse
eriminating color sense, the wise step is 1o get together with & good
colorist,



ILLUMINATION

Brichtness Fneinesring

"Eyestrain® should really be called "ocular fatigue®, The eyes are
not abused by overwork - in fact, vision is actually improved by using
the eycs, But the eyes may be har-fully exposed to stimuli which impede
the nor al visual function.

Fye defects are more cormon among backward children than among
"bookworns™, yestrain may be caused b:* 1llness, b’ poor diet, by crie
tical seeing tasks, b glare enviremment, or by insuffieient illumination.
The eye strussling to adjust suffers "eyestrain®, There is some indica-

tilon that extensive cyework contributes to heart trouble.

For seeing-comfort, there must be 11lumination of the proper color
and quallity on the work at hand and on the swrroundings. The working
enviromment is divided into?

1. Task sone, inclidins immediate surroundings.

2+ The rest of the room.

Background, glare, and shadows must be considered.

Color differences in objects are related to reflectance differences.
The appearance of a colored object depends on its color, the character
of its finish, and the attributes of the 1lirht source: color, intensity,

direction,
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The proper engineerin; of lishting is important because many workers
spend two-thirds of the day on close work,

Photometry is the seclence of measuring light., FPhotonetric data are
used by the illuminating engineer in choosins equipnent, lamps, wall
finishes, color of li-ht, and color of iackground, Extensive charts

of photametric data oro available.

Iems

The terms used in measuring light are based on the relationship
existin; when a one-candle-power source is assumed to be 2t the center
of a hollow sphere with a one~foot radiuet

*Point source" is the term for the source described,

"lamen® is the luminous flux radiated from a one-candle-power
source to each square foot of area. The area of the basic
sphere is 12,57 squsre feet, so one candle equals 12.57
lumens,

"Hean spherical candle-powsr" is the average of all candle~
powers in all directions about a source,

"Footecandle” equals one lumen per square foot, Illumination
on a surface is measured in lumens per square foot, The
unit sphere has an illumination of one foot-candle,

Inverse square lawt for a given point source of li-ht, the level of

11Numination decreases as the square of the distance from the source.
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Footmcondler equal cindle-power divided hr distance squared. The law
applies to distonces five or more t!-es the maximun source divension.
For distances of onl: *vo or thrce feei, the illwrinttion vuries inverse-
1y as the distunce.

Candle-power distributicn curver guide the engineer in selecting
lightinn equipnent, Thesc eurves are the ,rephic presentation of the

distribution of li~h, inmtersitiis of lomps or lunincires,

Brightness is produced three ways:

1, By self-lunminous cbjects, such as the sun, a star, a lamp,
directly to the eyes.

2. B light energy transmitted through objects, such as the sun
through clouds, a lamp through a translucent luminaire (white glass
globe),

3. By reflection, such as from the moon or sky, from the reflece
tor in a lunineire, from most of the surfaces and objects we see deily.

"Foot—-lambert™, the term for brightness, equals the lumens per square
foot emitted from a surface, The unit sphere, if perfectly transmitting,
has its outer surface lighted to a brightness of one lumen per square
foot, or one foot-lmsbert, MNote that this is the projected area - not

the actual ares — of the sphere or other object considered.

Bri is 2 ation of candle-power, measured in foote
lamberts for sources of relatively low brightness as commonly used in
11luminating engineering., A spherical globe with a one~foot radius



sontaining a 1000~candie-power lamp and having an efficiemncy of 80% has
a brightness of 800 foot-lamberts,
Brightness of specific light scurces:

Candle flame H 1;500 foot-lamberts
100w filament lemp s 50;&0 "
100w fluorescent lamp 1;850 "
North sky 1 1;000 "
Zenith sky 1 300 "
Sun s aso;ooo;ooo "
Moon 1 1;500 "
Sirlus - astar H 1,,275;000,000 "
Heasuregents

In the laboratory, spectral energy = the wave-length analysis of
visible energy - is obtainable b means of the spectrophotometer, Rew
sults are shown on a spestral distribution curve, Energy is visible
only between 4000 and 7000 angstrams (violet to red). In the field,
neasurements are made by light meter - a light-sensitive cell which meaw
sures brightness and reflectance of surfaces.

With this scientific approach to illumination requirements, light
is then controlled by the appropriate means, such as reflection, diffu=
sion, transmission, absorption, refraction, polarization. Considerable
study has been made to perfect reflector contours and other devices,

75



ADDITION

MIXING THE PRIMARY
COLORS OF LIGHT —
RED, GREEN, & BLUE:

RED + GREEN
RED + BLUE

BLUE + OREEN

RED

¥

i

YELLOW

]

VIOLET

I

BLUE-GREEN

BLUE + OGREEN = WHITE

SUDTRACTION

REDUCING WHITE LIGHT
BY FILTERS — MAGENTA,
YELLOW, & BLUE -GREEN:

MAGENTA + YELLOW = ORANGE
MAGENTA + BLUE-GREEN = VIOLET
BLUE-GREEN +YELLOW = GREEN

MAGENTA + YELLOW + BLUE-GREEN = BLACK,

LT & COLOR

REFERENCE: FUNDAMENTALS OF LIGHT & LIGHTING
GENERAL ELECTRIC CO. BULLETIN LD-2

PLATE 12
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Jeeht. and Coler

The color of an object is "the capacity of the ebject to modify the
eclor of the 1ight incident upon it" (General Electric definition).
The primary light colors are red, green, and blue. By addition of
1ight eolors, we see the followingt
Red + blue gives violet.
Red + green gives yellow,
Blue + green gives blue-green.
Red + blus + green gives white,
By subtraction by using filters, we see the followingt
Magenta + yellow gives orange.
Tellow + bluewgreen gives green,
Blue~green + magenta gives violet.

tagenta + yellow + blueegreen gives black,

1.CX. Chromatieity Dlagrem

The International Comnission on Illwmination uses three terms to
deagribe psychophysical colort dominant wave=length, brightness, and
purity, (Bquivalent to hue, value, and chrama of Munsell.) The I.C.I.
tri-stimilus method uses a chromsticity diagram and specifies color in
terms of mixtures of theoretical colored lights, Thus it is possible to
coordinate all color systens., Furthermore, the specification of all
possible colors may be shown on one chart, The I.CJ. system of coordie
nates makes possible the exact specificstion of colors mathematically by

means of only two coordinates on a color map. The color coordinntes of
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a light source are detcrmined by spectrophotameter,

Reflectance

A colored surface which looks halfway between black and white in
lightness refleets only 20% of the light on it, Judging reflectance is
therefore difficult. Value soales showing color samplea with their re-
flectance for a number of illuminants have been developsd throuch the
cooperation of the Illuminating Bngincerins Society end the Inter-
Society Color Council,

Dgts and Application

Visually, & task and its enviromment must be considered together.
The best light for seeing is yellowish, not green, not red, certainly not
blue, This licht plus the reflecting surface controls visibility, The
brightness of the task surface should moderately exceed surrounding
brightnoss. Average intensity on a task should be ahout 25 footecandles,
For eriticcl tasks, 50 foot-candles is sufficient,

General room illumination should not exceed 100 foot-candles, Wall
tones should be of 1o brightress both for visibllity and for human ape
pearsnce, The ratlos of brirhtness for an area of considerahle size
should not exceed?

3 to 1 between task and irmediate surroundings
10 to 1 between task and more remots surfaces
20 to 1 between luminaires or sky and adjacent surfaces

40 to 1 enywhere within envirorment of worker
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In offices, an illumination level of 30 to 50 footwcandles is suffie
clent, In drafting rooms, 50 to 100 footwcandles is the ranre. Drafting
rooms reqire large, diffuse lurinaires.

Elyerescent lampg

Tests with fluorescent larps have shown that matehing of lamp color
to filament or to average da light does not establish optimum spectral
distribution for the color appesrance of materials, Further research was
necessary., FPublic opinion wps tested on various combinations of light
and materials., For example, it was found that blond hair is enhanced
under a warm tint of 1ight, while titian hair is emhancod under filament
lisht, In peneral, for one color viewed ot a time, the public choice i3
2 lamp vwhich enhances saturation and brightness with a minimum shift in
the hue of the sample receiving the light, (General Electric ressarch,)

For social environments, including some shops, a wam source is ree
quired containin: red and yellow for favorable rendition of complexions,
foods, and usual floor and wall coverings, Filament liht is suitable
for these, The general preference for soft white and filsment lamps is
due to thelr spectral compatability with warn enviromment materials.

Fluorescent lirht is definitely unfavorable to some foods, €ege,

scrambled eggs, cherry and grape jelly.



For working enviromments, the lighting enginesr suggests surface
colors on the “asis of reflection factors. MHost experts list four groups
of colors, all recognising the one group callsd "relaxing” or "tranquim-
liging”, This neutrsl group provides a satisfactory background level for
lighting engineers, The Holophane Company has developed charts based on
colors which neith.r excite nor disturb, are thus applicable in working
enviromments. Final consideratior must always depend on the combination
of colorants and light sources.

Color Mabohing and Differentiating

Matohed colors must be checked by at least two light sources to be
certain of accuracy.

In color-grading operations, deluxe cool white fluorescent is best,
since It contains equal amounts of all colorse

For textiles, small color differences in blue, purple, violet, and
orchid are best detected under tungsten-filament light, which is rich in
red and yellow energy. Differences in pink, red, orange, and yellow are
best seen in 1i-ht rich in blue and green, as natural daylight, daylight
fluorescent lamps, and standard cool white. There is little choice in

illwdnants for green and yellow textiles,



Tading

Vave-lengths producing fading may Le different for every colored mas
terial, Natural and artifielal light sources vary in their fading poten=
tialities becausc of varistions in speetral distribution of the energy
radiated,

The fading of textiles by darlight is principally due to radiant
energy in the visiLle spectrum. Any filter which reduces fading must
greatly reduce the energy in the violet, blue, greon, end yellow parts
of the spectrun, hence greally alters the colored appearance of the obe

Jeots 41luminited through it,

Cgneralizations on Fadlng

1. ‘hange in the amount of foot-candles or time is mot importent
ae long as the product of the two remains same,.

2, Oxygen is necessary for fading; therefore, put the specimen in
an evacuated enclosure,

3. Hunidity does not affect the rate of fading but may affect the
texture of Lhe materiual.

he Terperature has little influence urdil it reachos 150F, when
fadine doubles over 850,

5. Fadin, is produced b; radiation, Filterin; out ultra-violet
light does not appreciably reduce fading.

6, Illuminants vary in fading power. North sky fades more than the
summer sunlight; both fade more than fluorescent or tungsten-filament
lamps.



7. Fastness of dye is important.

In meat displays, fluorescent lamps are placed inside the case bew
cause of low heat, while tungsten~filament lamps are placed outside the
case because of high heat. The only meats affected in color by light are
the processed meats such as bologna, meatloaf, boiled ham.

Friatdog

In printing, the basic inks are red, yellow, blue, black. Four
plates are required, one for each color. The four plates are half~tones,
which are really closely spaced dots or other textures. By overprinting,
colors appear to fuse, so that color is mixed in the eye. There is
seeringly no 1dmit to the number of colors thus obtainsbls. Great
paintings ere reproduced in faithful color with only four colers of
ink,

Printins proofs must be examined frequently. Blue, red, and ess
pecially yellow are difficult to sorutinise, so colored lights are used
to facilitate legibility, For example, saturated blue light nakes yellow
ink look black. Yellow ink reflects no blue; the light source is bluej

therefore yellow ink reflects no light.

The importance of a basic kmowledge of illwalnation to the architect
can hardly be overmesti -ated., The illuminating engineer is another meme

ber of the sizeable tea~ required to produce good architesture.
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Sample of Questiomnaire used in this experimentt
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GIVE ME YOUR OPINICH ON TH: OLOR OF THE M. S. Co §

WHY?

1.

2.

3.

This is a poll of public opinion on golar, statistics
to be used in my thesis on "Color in Architecture”.
Your name will not be used,

Observe the ZATZRICR of the Hu3.C. from the commen
north approach; Note the limestone, brick, facia
(edge of roof), etc, Check your opinion below.

Observe the SNACK BAR as you sit there, Note ceiling,
walls, floor, furnishings, etc. Check opinion below,

Observe the BALLROOM on the second floor. Note ceiling,
walls, floor, furnishings, Check opinion below.

Your Nerth Snack Balle
Opinion Exterior Bar room

The color combination is
very pleasing.

The color combination is

The color cambination is
neutral: neither very
pleasing nor annoying.

If the color combinatien

is not very pleeaing, how
would you change the colors?
Comment at ri-htt

Have you had any special coler training other thun in routine
school courses required of all studemts?

No,

Yes Cooment




This experiment was a comparison of my opinion with public opinion
on the colors of a contemporary bullding., The building is the Memorial
Student Center (completed 1950), A. % M, College of Texas,

The procedure was to record my opinion, then to check public opinion
by distribution of mimeographed forms to be filled out, These forus were
returned to me either at the Memorial Student Center (M..}.C.) or through
the campus mail., My opinion is recorded below. A copy of the forms dise
tributed is aprended, Results are followed by my conclusions,

The parts of the He3.Je observed were the exterior from the common
north approach, the Snack Bar (or Fountain Room), and the Ballrocme

¥y Opindon

Horth Exterior

To me, the color combination of the North ixterior is neither very
pleasing nor very annoying, There is 3 slirht clash between the dull red
of the facia and the orange tint of the brick. Assuming the brick satise
factory, I would change the facia to a hue containing more darkish brown
and less of the present red. Assuming the facla satisfactory, I would
use a range of brick tints nearer to ciean and light gray than to the
present orangish tone. Otherwise, the colors of the ext rior are very
pleasing from the cammon north approach, (This does not include the
hotel wing, whose brick colors arc ugly.)
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Soack Bar

To me, the colors of the Snack Bar, or Fountain Room, are very pleas-
ing, with the exception of the yellow mullions between the plvoting glass
panels which separate the room from the corridor, I like the red fase-
brick here. I like the green ceiling, whose beams reflect an interesting
range of tones from yellow-green to blue because of a variety of concealed
lampa, The floor color and the furniture color seem to harmonise with the
rest of the roam, 3ut those strons yellow mullicns fight with almost all
the other colors. Indeed, gazing at the yellow mullions spoils the whole
color achems, To enjoy the Snack Bar, I simply look away from the yellow
mullions, which could be harronious if painted a very pale yellow, almost
white,

Ballroom

To me, the Ballroor: io annoying with its strong red and blue. The
red brick flanking the stage is too stromg and tooc dark for easy audience
concentration on the stage, The blue of the reinforced concrete arches
is too strong and too dark next to the white ceiling panels. The intense
blue drapes further inorease the vibratory effeot between the red and the
blue, Now, this effect may be satisfactory for a !7&11; but I think it is
too strons for audience events, The wholc roam appears to be specially
decorated for the 4th of July, I would change the color of the arches
to a much lighter, very grayed blue - more gray than blus. Cther than
that, I would use either o different tone or a different and lighterw

colored material for the brick panels flanking the st.ge. The whole



color cambination needs re-study.

Fubldg Coinien

It 1s readily acknowledged that this experiment means little when
discussed only in writing, It should be discussed while viewing the
areas in question, Fortunately, most persons who read this will have

viewed those areas, So on with the comparison,

North Exterior

Refer to the questiomnaire distributed to the public,

Of the 106 forme returned, votes on the North Exterior totaled as
followst

®The color combination is very pleasing"ceesssevssslO0

"The color cambination 15 AMOYAINE"cesrcasnscsrseee &

"The color combination is neutral”c..esseseecseceas 5

Of the 100 who voted “very pleasing", 89 checked that they had had
"no special color training', while eloven checked "yes", that they had
had some special color training, The six who checked other than "very
pleasing” all checked "no speecial color training”,

Compente by, the Public

The one person who checked "ammoying" commented, "Use of materials

for eolor contrasts annoying.”



One person who ked "meutral” ted, "Brick is a ldttle too

tpale!, looks dirty."
No cament was offered by anyone who checked “yes" on the question

of special color training.

My Interpretation of Fegulis

Obvionsly, there was overwhelming enthusissm for the galor of the
North ixterior, But conelusions should not neglect these considerationst
the forms were handed out inside the building to people enroute to the
Snack Bar, lost of the forms were rsturned by these psople as they left
the Snack Bar. Therefore, their opinicn was based on memory, The memory
of the exterior appearance is, of course, very pleasing. As two persons
comnented in writing vhen they checked "very pleasing" for everythingt
"Darn good for a place like this," HMemory, ther, gives the Mi5.C. highe
est ratin- compared to every cther building on the campis, I subrit that
this emory is of the M.S.C. as a whole, ineluding effeets other than
eolor. uover if all of these people had gore out :o study the exterior
before checking the questionnaire, they mirht not have changed their
minds, The theoretical avera-c man has some sensc of color but no finely
disoriminsting sense.

Perhaps the tvo .ritten comments unfavorable to the iorth Exterior
support ny eritieis-, thouch not explicitly. Recall that my eriticlsm
noted a "slirht clash", As I warned, any evaluation of comparative

Judgments would be perscnal. I hold to my original eriticism.



Saack Par

0f the 106 questionnaires returned, votes on the Snack Bar (Fountain
Room) totaled as followss

"The color combination 1s ver, pleasing®...ecesssss 86

"The color combination 1s amMOYing"eeesessvesssssss b

“he color combinztion 18 neutrale.cicessesvacscss 1b

Of the 86 who voted "very pleasin:", 77 checked that they had had no
"gpeclal color training®, uhile nine checked "yes" on the qurstion of
specisl color training, None of the six who voted "ammoying" had had any
spocial eolor training. Of the 14 vho voted neutral, eleven checked "no®,
three checked "yes" on special color training.

Comonts by the Public

0f those who checked "annoyins", comments were thesel

One would change the Snack Jar to "pleasant shades of green®.

Another wrotst "Do not care for greems in cabin: pleces, unless
are (sie) very coft almost neutral.”

A third wrote sinply, "Too many don't blend."

Of those vho checked "neutral", ccmmwents were theses

One would "ehanre to 1i-ht blue”.

Another cons'dered the "clor ok except....variation of strong
linear patt rns creates cluttered appearance (oricks, roofbeans, booths,
ate,), Also floor color not sultable for inack Bar, looks dirty all the
tine."



A third wrote, "Never gave this room much thourht. Net striking."

Another comment: "I think the colors are fine, An eating place is
more restful with colors which do not glare out,”

Only one co-memt was written oy a person who checked "yes" on spee
eial color training; that was a comment favora:le to all oreas consie
deredt "I think they have used very good taste in all their color

selections,"

iy Interpretotion of Regulls

No one mentioned the one color - the stron: yellow of the mullions
to which I objected, so I do not Imov to what exient this color influ=
enced opinion.

The objeetion to "varistion of strons linear patterns” is more a
eriticism of for. than of color, The comment by the sa.e person, "Looks
dirty all the time,” indicates that such a psychologlcal factor could
influence one's entire i:pression of the place, includins its color, I
don't agree with the criticism of the floor ¢oler, for in its rrayness
it remains neutral, and in its speckled texture it performs the function
of making dirt less obvious,

The objection te clure 18 jJuatified if it 1s 2 criticiar of the
natural 1i-ht control, Glare through the windows is adversely reflected
from some surfaces.

The percenta e of opposition to the Snack 3Bar on p-ised me, not that
it was large, but because it slightly excecded op:osition to the 3allroom,

If I knew th t the rmllions were the deeiding factor, 1'd no lonrer



92

express surprise, but no mention was made of the yellow. Perhaps there
would have been even more criticism of the Ballroom if the partieipants
had studied it as they did the Snack Dar,

Ballroom

The 106 forms returned produced the following totals on the Ballroomt

"The color comdination is very pleasing™uvesesasses 86

"The color combination is annoying"seeeesecsesssses 5

"The color combination is neutral".ceseessesscssans 12

No opinion recorded.c..ssseensenssecsnssnassserrese 3

Of the 86 who voted "very pleasing", 78 checked "no", eight checked
"yes" on speeial color training, Of the five who voted "annoying", four
checked "no", one checked "yes" on special color training. Of the twelve
who voted "neutral”, the totals on special color training were ei~ht "no",

four "yes",

0f those who checked "amnoying", corrents were theses

Accordin~ to a former student of Texas State College for omen, the
Ballroom is "too dark". OShe wrote, "If curtains are drawn back, there is
a glare in the Ballroom in daytine., It 1s bad durin- luncheons.”"

Another person would change the colors to "shades vhich do not elash
svseds the blue and rose shades used®,

Of those who voted neutral, corments were thcses

One wrote, "Color used on beams 1s rather dark."
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Apother commented, *Would rather see old rose and browns in the Ball~
room,"

Of those who voted ‘plusing;" other than the two who gave the general
comment for everything, "Damn good for a place like this,” only one offered
a coment referring to the Dallroom alonet "I like this very much.”

Of those who offered comwents, only two were by persons who checked
"yes" on special color training. One of these was the above comrent ine
cluding the phrases ™oo dark" and “glare”. The other comments "I think
they have used very good taste in all their color selections.” Both of
these conflicting commerts were by ladies,

Yz Interprekation of Resulis

Aga.in, even more than in the case of the extcrior, a large number of
persons apparently judged the Ballroon from memory rather than by going
upstairs tu study it., I give credit to the three peraons who admitted
they hadn't studied the Ballroom by simply leavinz Lhat part of the ques
tiomnaire blank, Opinion on the Bellroom statistically compares very
closely to opinion on the Snack Bare. Once more, the room is quite pleas—
ing to a large majority, but the adverse ¢riticis comperes somewhat with
mine, )

The comment on strong contrasts was well studied: room "too dark",
then too much glare with drapes open,

The comments on the "clash" of shades and on the darimess of the
arches support my contentions.

For students, the appeal of the Ballroom may well be atrong because

of associztion with an enjoyable dance held there, For the person who
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attended & luncheon there, the glare was too much. This supports my cone
tention that the room was not so well decorated for affairs other than

dances.

Concluglong

My personal conclusions berin with the statement that people in
general are satisfied with color combinstions which are not bad, Neverw
theless, the architect must design for the person with the acute color
sense, for this may e the person :ith sense enough to hire an architect,

In the case of the Memorial Student Center, the pleasant atrosphere
and design features of the entire buildins so far exceed those of any
other building on the campus that the reaction to any aspeect of the
building is enthusiasm,

Of those who took the trouble to analyse the areas in question, the
comments prove only that pubiie opinion differs from person to person.

My ego, I suprose, prompts me to maintain thst I have a good coler
sense, This contention is fairly supported by the fact that I have stuw
died color to this oxtent, However, the final proof of my color sense as
applied to architecture may be determined only by the degree of puilic
acceptance of my work, I hope, at least, that I am developing a good
color sense, It is possible that my students will teach me more then I

teach them,
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TAUGHT 1IN ARCHITECTURE?
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How should color be tamght to the student of architecture?

Introduction

The introduction to color should ineclude some history plus the basic
physics; physiolosy, and psychology pertaining to color, The explanation
should be kept ver; simple and brief at first, for bhe objeotive is not
to confuse b to dlspel any nreconceived rmisconstructions on the subject
in the minds of young students of architectural desipn.

Then the basic relationship of light, the eye, and the mind has been
established, there shovld follow an explanstion of the two t;pes of come
plements, psychological and pigmentary. It is too early for explanation
of harmordes, Indeed, individual experimenting to discover harmeny might
well preceds explanation of what is known about harmony.

CGolop ¥heels

The first formal exercise is usually the execution of a color wheel
1llustrating pimentary cosplements, Neutral gray is placed at the cenw
ter of the wheel, Lach pair of complements is deter—ined by their capa=
city to produce approxi-ately this neutral gray when rmixed together., With
red, yel'LO\;; and blue as the basic triad, a full hue circle is developed
around the gray center, Tones of half~hue and half-gray are then mixed
to for~ the spokes of the wheel.



It might be wise to execute = second eolor elrele Lo illustrate
psychological complements, which are determined by after-image. A come
parison of the two circles could then be made, It should be clearly
understood that the pigmentary wheel is for studylng ri ment vd.xbum;
while the paychologlcal eircle is for designing with solors

These exercises are done with inexpensive but satisfactory paints
"showeard” or "tempera", a wab.r=bused paint which - in ils better brands =

gives the flct, even surfaces necessary.
" B

The second exercise ic a study of the comdbination of a hue with
white (tints), with black (shades}, and with white and black (tones).
A triangular hue plane illustrating the gamut is a tried and satisface

tory exsroise.

3aalc Harmonles

After some free exporimenting in which the student represents his
own ideas of color har-ony, stud; of haruony is made throuch a series of
color plstes, At firsy, it may be wise to rive Lhe student ready-made
designs so that he will concentrata on color rather than for , but this
is debatable, Soon color and form must be studied together, beginning
Wwith sbetract designs. The sequence in color har-ony study might be as

follows:
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1. Momochromet a simple, abstract composition involving only one
hue and its various combinations with white and black and grays.

2, Complements: an abstract study with two colors which are
psychologically opposite, White and black may be used as modifiers,
Contrast in values, which promoted itself in the monochrcme, must be
carefully studied from here on.

3, Trisds a composition using‘thrce huea which form an equilateral
triangle on the color circle. Again, white and black may be added. At
this point, debate is likely to arise concerning the psychological and
piementary triads. OSome explenation of systems of color notation such
as Ostwald and Munsell ~ight be inserted here. Perhaps the only fact
retained b the student at this point will be that the triad relationship
45 somewhat flexible, More i portant than the pinpointing of the triad
hues is the study of values, forss, and areas in the cumposition.

4e An abstract study with anslagous colors is next in order, €.g.,
yellowsorange, orange, and red-orange. Once more, value is important.

5, Finally, the split may be studied: & hue plus two ecolors
equally spaced each side of the hue complement. The connected trio on
the color circle would form an isosceles triangle,

Color and Texiure

Now comes the relationship of color to actual materials, which means
relating color to texture, The only approach is to observe actual mae
terials by bringing into the laboratory sarples of wood, tree-leaves,
pleces of fabric, bricks, metallic objects, etc. Study texture and
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eolor by eye, FPlaocs the samples together in abstract composition, Then
try imitating texture and color with paint.

Stretch paper or water-golor paper is the most satisfactory backe~
ground for developing texture along with color.

The first experiments might show the texture and coler of materlals
at full scale, Then materials should be viewed at = distance to cbserve
their effect at a much smaller scale. Building materials are, of course,
most important,

The first formsl sxercise should be a monochrome in gray, white, and
black, for the purpose of establishing value as well as texture. Various
textures are not difficult to learn, but value seems to be difficult to
impress on the young architectural student, especially when he uses color.
Let him learn value first - how Lo comtrast areas for legibility e through
monochrome.

This exercise might be in =i ple elevation, showing a group of builde
ing forms with wall materials specified, The materials of prime impore
tance are concrete, wood, metal, brick, stone, glass. Plant forns may
be included for varliety in color and texture, but a detailed discussion
of landscaping is premature,

Having studied texture and value, the next step is to repeat the
rendering in full eolor, The combination of colors is the new problem.
Now the importance of studying value first may be secn, for the student =
without an appreciation of value relationshlp =~ will inevitably use
oolors which contrast in hue but are so monotonous in value that they
vibrate. This is a difficult exercise, often requiring rewworking of

rendered surfaces.
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CONCRETE

BACK GROUND
(AL60 RENDERED)

MATERIALS RENDERINGO EXERCISE

STUDENT EXERCISE FOR STUDYING TEXTURE, VALUE, & COLOR COMBINATIONS,
RENDERED FIRST IN MONOCHROME (GRAY%), THEN REPEATED IN FULL COLOR.

Q0T
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A value check om the color rendering may he made by photographing
it in black end white.

Color in Actual Suildings

Aside from renderins building materials in color, the student should
go on ronducted tours to ohserve the solutions of praeticing architects,
Some of these solutions should be noted as lessons on what not to do.
However, in the ocase of firms which aim for the best in desizm, an ex~-
pert on color (usuaily a meber of the firm) sees to it that color is an

integral part of the design, not a last-mimite addition,
Viakergolor Sketching

As a relief from the exacting task of rendering building matericls
as thev actually appear, it 1s a rood idea to arrange for frequent watere
color sketching sessions ~ outeof-doors whenever the weather allows., In
sueh sketching sessions, the student should be guided very little, rather
encouraged to experiment with color and form - to express his own ime

pression in whatever manner is natural, whether precise or primitive,
Repderins dn Color
Rendering of architectural solutions in color for the sake of studye

ing the medium and its coloration possibilities is good practice. An
attempt may be made to present a b'u.ild.ing as it mirht actually appear,
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but this is extremely difficult, even for the student with the most acute
color sense, The usual media are tempera, water-color, pastels, and
colered pencils, Bach medium should be studied for its own behavior,
with an eye to good color composition.

While it is good practice to study color through architectural render-
ings, 1t should be realized that a rendering cammot show the final appearw
ance of the bulldin-, Therefore, color should not influence a jury as to
the merit of an architectural solution when presented as a drawing or
model, Unfortunately, color often does influcnce a jury, for geod color
is 1likely to bring s commendation (of the color); and bad color is bound
+o brinz a condemnation, Perhaps this is the sclntiont present all stue
dent designs in black and white, judge them on solution and form, Then,

execute the: in color as a scparate exercise.
Other Experiments

Purther study of color may be made by exesuting collares (pasting
various materials to a sheet in interesting composition) » by building
models = both architestural and abstract, by experimenting with photo-
graphy, by experimenting with lisht sources and their effects, Experie
ments originated by the students often prove most interesting.

Tipe

In learning color, the element of tirme must be considered, The stue
dent should be encouraged to record his opinions on cclor, then re~examine
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a composition or bullding months or y.ars later to observe his own developw
ment in color analysis. This is especially advisable for the student who
hes a poor color sense but insists his judguent is correst, (However,
who is to offer final preof that his color sunse 1s poor?)

The student should consider time, too, as it relates to architestural
practice, He should begin to learn something of the behavior of the colors
of building materials subjected to the test of time,

Selline Architecture

It 45 always a good idea for the student to dig into references for
profcssional advice on color, but this i not enough. This student is
supposedly a future practicin; architect, practicing to please his cli-
ents. This does not mean producing such monstrosities as the client may
insist on, but rather pleasli the client by doing a first-class selling
job on what is good architecture, In the case of culor, the student vw1ll
do well to poll and note public opinion. A geod coler sensc can best be
developed by listenins to as many opinions as possible, both amatour
and professional, then drawing one's own conclusions.

If the color of your architecture pleases the owner now, half the
battle is won. 3But the other hall is not won till next year when the

owner declares once more tha! he i3 proud of the color,
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